SUMMARY We studied the association between the outcome of antihypertensive care and three items of that care among 230 hypertensive steelworkers who were referred to 83 physicians. The first item was the decision to treat some patients but not others: 63% of the patients were prescribed antihypertensive drugs and the mean decrease in their diastolic blood pressure (DBP) Brook and Appel16 reviewed the clinical records of 173 hypertensive patients who had been discharged from the hospital. Five months after discharge, 44% of the patients had not attained blood pressure control. Five methods of peer review were applied to assessment of the quality of care provided to patients. In none of the assessments was the process of care found to be correlated with blood pressure response. Similarly, Nobrega et al.7 found no positive correlations between lowering of blood pressure and 23 items of clinical history, 26 items of physical examination, 13 initial laboratory tests, nine special diagnostic tests, eight treatment procedures and 10 follow-up procedures. The only statistically significant observations in this investigation were contrary to expectation: Increases in the number of special diagnostic tests or the number of treatment processes administered to patients were associated with worse blood pressure control.
A PARADOX exists in the management of hypertension. Medical practitioners strive to translate the positive results of randomized therapeutic trials in hypertension" into effective treatment programs for their patients. However, control of high blood pressure in our communities remains far from optimal,3-5 and two important studies of the management of hypertensive patients6' 7 have not identified elements of the process of care that affect blood pressure control.
Brook and Appel16 reviewed the clinical records of 173 hypertensive patients who had been discharged from the hospital. Five months after discharge, 44% of the patients had not attained blood pressure control. Five methods of peer review were applied to assessment of the quality of care provided to patients. In none of the assessments was the process of care found to be correlated with blood pressure response. Similarly, Nobrega et al.7 found no positive correlations between lowering of blood pressure and 23 items of clinical history, 26 items of physical examination, 13 initial laboratory tests, nine special diagnostic tests, eight treatment procedures and 10 follow-up procedures. The only statistically significant observations in this investigation were contrary to expectation: Increases in the number of special diagnostic tests or the number of treatment processes administered to patients were associated with worse blood pressure control.
From a clinical perspective, these studies failed to investigate at least three important factors. First, they were limited to patients who were already receiving therapy for hypertension, thus ignoring the initial decision to treat some but not other hypertensive patients. Second, no assessment was made in these studies of the relative pharmacologic "vigor" of the regimens that were prescribed. Thus, patients who were treated with insufficient doses of antihypertensive drugs were lumped with those on more potent regimens. Finally, no accurate measures of medication compliance were available in these studies.
We report here the results of a study in which strategies were incorporated for measuring these three factors.
Methods

Recruitment, Initial Assessment, and Referral of Patients
The patients in this investigation were participants in a series of randomized trials of strategies to improve compliance with antihypertensive therapy that have been described in detail. 8 9 In brief, a random two-thirds (5400) of the male employees of the Dominion Foundries and Steel Limited of Hamilton, Canada, were screened for hypertension. Two hundred forty-five men met the following criteria: average fifthphase diastolic blood pressure (DBP) > 95 mm Hg (average of the second and third of three readings taken with the patient sitting quietly at rest for 5 minutes on each of two occasions over a 3-month period), no antihypertensive therapy for at least 6 months before screening, no daily medications and no remediable secondary form of hypertension. After the study was explained to them, 230 men (94%) consented to participate. Each participant underwent a standardized comprehensive history, a physical examination and laboratory tests, including chest x-ray, ECG, hemoglobin, white blood count, electrolytes, cholesterol and urinalysis. Special investigations, such as endocrine tests, i.v. pyelography and renal angiograms, were ordered only if indicated by history, physical or initial laboratory work-up. By random allocation, patients were then referred, along with a summary of their work-up, to their family physician or to a plant physician for further assessment and care. All 230 patients were successfully referred through making an initial appointment and following patients until at least one appointment had been kept.
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The decision to start treatment was left up to the 83 participating physicians to whom the patients were referred.
Follow-up Assessments
Before entry, each participant consented to be visited at home during the course of the study. Twelve months after entry, arrangements to visit were made by telephone, usually on the same day that the visit took place, for the ostensible purpose of assessing blood pressure at home. At the home visit, the blood pressure was measured and the patient's treatment status determined. Patients taking antihypertensive drugs were asked to present all medications to bring the visitor "up to date" on the patient's current prescription. The patient was asked if he kept any of his medication elsewhere and, if so, how much was there. He was also asked whether he began taking pills from the container on hand on the dispensing date or, if not, when he had started the medication. The patient was then asked to provide a urine specimen and, during his absence, the tablets were counted. In addition, the prescribed regimen, dispensing pharmacy and dispensing date were recorded. The pharmacy was subsequently contacted for any missing or ambiguous prescribing information and the prescription was verified with the attending physician. Compliance was calculated by dividing the number of pills missing from all containers by the number of pills that would have been missing if the patient had taken all his medicine as prescribed.
Assessment of the Vigor of Prescribed Medication
To compare the vigor of the various regimens prescribed for patients in the study, an empirical scale of relative potency of antihypertensive drugs was derived (table 1). The scale was established by setting 4 . Within code IV, the maximal effect is 4 units. 5. Within code V, the maximal effect is 6 units. 6. Across codes I, III and IV, these drugs may be combined with maximal effects of 2, 2 and 4 units, respectively, for a total of 8 units. 7 . Across codes I and V, the maximal effects are 2 and 6 units, respectively, for a total of 8 units.
50 mg of chlorthalidone per day as 1 "unit of vigor" and culling the relative potency of other drugs from controlled clinical trials in which the various drugs were compared with each other.10-18 This scale treats multiple doses of a given drug as if they were additive, but only to the maximal dose documented or recommended in the literature, and treats the effects of different drugs as if they were additive. The scale was constructed without knowledge of the blood pressure response of patients in the study described here. Using the scale, the vigor of each patient's regimen after 12 months in the study was calculated. For ease in analysis, patients were grouped into three levels of prescribed vigor: those prescribed less than 1 unit, those prescribed 1-1.9 units, and those prescribed 2 or more units of vigor.
Statistics
Statistical analyses were performed using chisquare for proportions, the two-tailed unpaired t test for comparison of continuous data for two groups and one-way analysis of variance for comparison of continuous data for more than two groups. Results were accepted as statistically significant if the probability that an observed difference was due to chance alone was less than 5% (p < 0.05). Values are given as mean ± SEM.
Results
Patient Characteristics and Follow-up
By design, all 230 participants were male. Other relevant entry characteristics are displayed in table 2. Eighteen men (8%) were lost to follow-up through leaving employment at the plant. There were no statistically significant differences in the entry characteristics of those who began the study and those who completed it.
The Decision To Treat
The 83 participating physicians originally prescribed antihypertensive drugs to 144 of the 230 referred patients (63%). Twelve months after entry, 131 of the remaining 212 men (62%) were taking antihypertensive drugs. The other 81 patients were either untreated or were prescribed regimens that did not include blood-pressure-lowering medication (for example, tranquilizers, weight reduction, salt restriction or exercise). Figure 1 shows the blood pressure reductions for treated and untreated patients. Treated patients had an average decrease in blood pressure (systolic/ Although the prescription of antihypertensive medication is a necessary step in treating hypertension, the finding of an effect on treatment outcome for all patients is more complex than it seems. A treatment effect would not be observed if, for example, physicians had withheld treatment only from patients whose blood pressure had dropped naturally, or had prescribed inadequate treatment to those with elevated blood pressures, or had failed to continue therapy for the period of observation, or had failed to gain their patient's cooperation with therapy. The Vigor of Prescribed Medication The empirical scale of vigor in table 1 was applied to the regimens of 128 of 131 patients on medication 12 months after referral. The remaining three patients were on treatments such as metolazone, for which we could not find appropriate potency comparisons. Using 50 mg of chlorthalidone or its equivalent as 1 unit of vigor per day, 18 patients (14%) were prescribed less than 1 unit of vigor per day, 43 patients (34%) 1-1.9 units and 67 patients (52%) 2 or more units ( fig. 2) . DBPs for the three groups were highly significantly different overall (p < 0.005). However, patients prescribed less than 1 unit of vigor or 1-1.9 units had very similar average changes in DBP, whereas patients prescribed 2 or more units of vigor experienced a more substantial decrease in DBP over the same period of time. A potential confounding factor is that the pretreatment DBPs of the three groups were different: 102.5 ± 1.36 mm Hg, 101.9 ± 0.77 mm Hg and 106.3 ± 1.14 mm Hg for the low-, medium- and high-vigor groups, respectively (p < 0.01). To adjust for this, a multiple regression analysis was performed; the initial diastolic blood pressure and the prescribed vigor were each related, in a highly statistically significant fashion, to the reduction in DBP. Thus, this second process item, the pharmacologic vigor of the prescribed regimen, exerted an important effect on the lowering of blood pressure.
Compliance with Prescribed Medication
Careful pill counts were conducted to measure the compliance of all patients taking medication. These measures afforded two further analyses. First, treated patients were dichotomized into those whose compliance was less than 80% and those whose compliance rate was 80% or better ( fig. 3) . The 56 patients with low compliance had a mean DBP reduction over 12 months of 10.9 ± 1.42 mm Hg, whereas the 75 patients with high compliance had a reduction of 13.2 ± 1.00 mm Hg for the same period. Although there is no statistically significant difference between the mean DBP reduction of these two groups, a comparison of the two groups in terms of achieving a DBP < 90 mm Hg was significant: Only 27% of the low-compliance subjects achieved this level, whereas 44% of the highcompliance subjects achieved the level (p < 0.05).
The combination of prescribed vigor and compliance permitted the final analysis. A new variable was computed by multiplying each patient's prescribed vigor by his medication compliance, thereby providing a measure of the vigor of the antihypertensive drug regimen actually consumed by the patient. Thus, 50 patients consumed less than 1 unit of vigor per day, 40 consumed 1-1.9 units, and 38 consumed 2 or more units. The DBP changes over 12 months for the three groups are shown in figure 4. The differences between the three groups are highly statistically significant (p < 0.0001). This dramatic difference in DBP reduction as a function of consumed vigor can be seen in comparing the high with the low consumed-vigor groups. The reduction in DBP among patients who consumed 2 or more units was more than twice that among patients who consumed less than 1 unit. Further, the gradient between vigor and DBP change is greater for consumed vigor than for prescribed vigor; although only 42% of the patients prescribed a high-vigor antihypertensive regimen achieved a DBP < 90 mm Hg, 47% of men who actually consumed a high-vigor regimen achieved this level of blood pressure control. Thus, the product of a patient's compliance with his prescribed regimenhis consumed vigor -is an important measure of the blood pressure response.
Discussion
We have shown the importance of three elements of the process of managing hypertensive patients. First is the decision to treat some but not other hypertensives. The primary care physicians in our study chose to forego pharmacologic treatment for 37% of patients referred to them. Although this decision was related to the initial DBP, patients at any level of blood pressure who were not treated showed smaller blood pressure reductions on the average and were less likely to reach a DBP less than 90 mm Hg than were treated patients. As the evidence mounts that the treatment of mild hypertension is beneficial,3' 4 physicians must reduce the level of DBP at which they intervene with pharmacologic treatment. Thus, assessments of the quality of care provided to hypertensive patients must include all hypertensive patients, not merely those for whom treatment has been prescribed.
The second process of importance is the vigor of the prescribed antihypertensive drug regimen. It is not enough to consider merely whether medication has been prescribed. The vigor of the drug regimen has an important influence on lowering of blood pressure, and studies of the quality of antihypertensive care must recognize that many patients will remain inade-31 VOL 65, No 1, JANUARY 1982 quately controlled because they have not been prescribed enough medication.
Finally, the vigor of the regimen actually consumed is important. Even when adequate amounts of medication are prescribed, many patients will fail to benefit from it because they do not take enough. This finding also emphasizes the clinical importance of several recent trials that have shown that patient compliance with antihypertensive therapy can be improved. 9 19-24 Because patients' acceptance of therapy can be increased by their clinicians, quality-of-care studies that include accurate measures of compliance among their process variables will reflect this important process.
Our study was Slight increases of cardiac output and of heart rate were noted at rest; cardiac output was not significantly affected during exercise, but the increase of heart rate of 2.4 beats/mm was significant (p < 0.01). Captopril decreased pulmonary artery (p < 0.05) and capillary wedge pressures (p < 0.001), with unchanged pulmonary vascular resistance. The data indicate that the action of captopril is characterized by arteriolar and possibly venous dilatation both at rest and during exercise. Pulmonary vascular resistance, however, is not affected.
INTERFERENCE with the renin-angiotensin system by either angiotensin II antagonists or converting-enzyme inhibitors indicates that the role of angiotensin TI in maintaining arterial pressure depends on the prevailing plasma levels of renin or angiotensin II, which vary with sodium state and physical activity. The role of angiotensin appears to be insignificant in recumbent, sodium-replete normotensive persons,'-3 but angiotensin II does seem to contribute to the arterial pressure of some normal subjects in the sitting position,4 and during exercise.' During sodium restriction of sufficient degree, angiotensin II antagonists and converting-enzyme inhibitors lower arterial pressure at any level of physical activity.2 5 In hypertensive patients, plasma renin levels vary widely and do determine the response to angiotensin antagonists and converting-enzyme inhibitors, which is enhanced by sodium depletion.6-1 The hypotensive effect of these agents is based on a decrease of systemic vascular resistance in most subjects;'1220 cardiac output usually is not changed, but increases with converting-enzyme inhibitors'5, "I and decreases with angiotensin antagonists14 have been reported. These effects have not been studied during exercise.
We report the hemodynamic effects of captopril2' (2 D-methyl-mercaptopropanoyl-L-proline; SQ 14225; Squibb Institute for Medical Research) at rest and during exercise in hypertensive patients. The study was restricted to sodium-replete patients because a single dose of captopril may produce adverse hypotension after sodium depletion." 22 
